Introduction
The function of effector lymphocytes is regulated by a balance between signals transmitted by activating receptors, which recognize ligands on target cells, and inhibitory receptors specific for MHC class I molecules. Ag/MHC complexes serve as activating signals for T cells and are recognized by TCR/CD3 complex (Zinkernagel and Doherty, 1974; Townsend et al., 1986) . Reciprocally, inhibitory signals can be provided by engagement of a variety of cell surface inhibitory receptors. These include the Ig-like killer inhibitory receptors (KIRs) specific for HLA-A, -B, -C, the CD94/ NKG2A heterodimer, specific for HLA-E and the leukocyte Ig-like receptor 1/Ig-like transcript 2 (LIR1/ ILT2), characterized by a broad specificity for different HLA class I molecules Moretta et al., 1995; Colonna et al., 1997) . KIRs are expressed on a subset of human CD8
þ T cells and their interaction with their specific ligands induces inhibition of cellmediated lysis of target cells bearing the appropriate HLA class I allotype (Ferrini et al., 1994; Phillips et al., 1995; Ikeda et al., 1997; Bakker et al., 1998) . Ligation of KIRs results in tyrosine phosphorylation of the immunoreceptor tyrosine-based inhibition motifs (ITIM) in their cytoplasmic domain, leading to the recruitment of SH2 domain-containing tyrosine phosphatase 1 (SHP-1) and inhibition of cell-mediated cytotoxicity and cytokine production (Burshtyn et al., 1996; Fry et al., 1996) .
It has been previously reported that CD94/NKG2A heterodimer (Le Drean et al., 1998; Noppen et al., 1998; Speiser et al., 1999) and KIRs, in particular KIR2DL1/ p58.1 and KIR2DL2/3/p58.2 inhibitory receptors for HLA-C (Ikeda et al., 1997; Guerra et al., 2000; Gati et al., 2001) , were expressed by tumor-specific CTL clones and were able to inhibit their lytic activity towards the autologous tumor cells. Regarding KIR3DL2/p140 inhibitory receptor for HLA-A, no data related to CTLs are available and its expression and function on tumor infiltrating T lymphocytes (TILs) has never been reported. Solid tumors, including non-small cell lung carcinomas (NSCLC), are often infiltrated by TILs, most of which are TCRa/b þ , CD8 þ , CD28
À (Echchakir et al., 2000 and unpublished data).
We have previously demonstrated a T-cell response in NSCLC and isolated several tumor-specific CTL clones from TILs infiltrating a human lung carcinoma where they appeared clonally expanded (Echchakir et al., , 2001 . In the present study we have isolated from the same patient TILs, several tumor-specific CTLs expressing KIR3DL2/p140 receptor and a unique Vb13.6-Jb2.7 TCR rearrangement. The functional effects of the engagement of KIR3DL2/p140 on cytokine release and cytotoxic functions of these effector T cells were investigated.
Results

Isolation and characterization of Heu33 CTL clone
The IGR-Heu tumor cell line was derived from a NSCLC tumor biopsy (Asselin-Paturel et al., 1998 þ TILs were immunoselected using specific monoclonal antibody (mAb), and a cell line (H4C) including 99% TCRVb13.6 þ was generated. This cell line was cloned by limiting dilution and a panel of T-cell clones, expressing a unique Vb13.6-GGA-Jb2.7 sequence, was isolated (data not shown). This result strongly suggests that these clones are derived from the same cell. Immunofluorescence analysis of one selected clone, Heu33, indicated that it expressed CD3 complex (data not shown) associated to a TCRa/b (Figure 1) . Furthermore, this clone was TCRb13.
þ /CD28 À and consistently expressed significant level of p140-KIR3DL2 determined with both Q66 and AZ158 mAbs (Figure 1 ). In contrast, expression of CD94 and NKG2A was low and KIR3DL1/p70, KIR2DL1 (p58.1/CD158a) and KIR2DL2/3 (p58.2/ CD158b) inhibitory receptors were not expressed (Figure 1 ). The same phenotype was obtained with the parental H4C TIL cell line. In contrast, the TCRb13.6 À fraction did not express KIR3DL2/p140 (data not shown).
Molecular characterization of KIR3DL2/p140 receptor expressed by Heu33 CTL clone
To determine whether the cDNA encoding KIR3DL2/ p140 molecule expressed by Heu33 CTL clone corresponds to one of the 12 already described alleles (Shilling et al., 2002) , reverse transcription-polymerase chain reaction (RT-PCR) was performed and the resulting product was cloned into pcDNA3.1 plasmid and sequenced. RT-PCR performed on RNA derived from the T-cell clone, using a set of primers able to amplify the entire cDNA encoding KIR3DL2 (Bagot et al., 2001) , showed a 1.4 kb size product (data not shown), similar to that previously described (Pende et al., 1996; Bagot et al., 2001; Gardiner et al., 2001) . Furthermore, nucleic acid sequence analysis indicated that it was identical to one of the previously reported alleles, the 3DL2*002 allele (Pende et al., 1996; Shilling et al., 2002) , except for two nucleotide replacements in exon 1 which may represent an additional polymorphism in the KIR3DL2/p140 gene. Figure 2 shows the amino-acid sequence alignment of Heu33 KIR3DL2 together with the 3DL2*001 (Colonna and Samaridis, 1995) and the 3DL2*002 (Pende et al., 1996) . It should however be mentioned that the cytotoxicity towards K562 varied from one experiment to another (0-30% of lysis at 30 : 1 E/T ratio) and depended upon the effector cell status for IL-2-induced activation. Note that the IGR-B1, allogeneic HLA-A2 þ NSCLC cell line was not lysed by the Heu33 CTL clone suggesting a broad but restricted expression of the recognized tumor Ag. Figure 2 Amino-acid sequence alignment of Heu33 KIR3DL2/p140 and 3DL2*001 (Colonna and Samaridis, 1995) and 3DL2*002 (Pende et al., 1996) alleles encoded proteins. The transmembrane region is underlined in the 3DL2*001 encoded sequence. Amino acids identical to the 3DL2*001 encoded sequence are indicated by dots. Amino acids corresponding to the signal peptide are in lower case letters The cytotoxic activity of Heu33 T-cell clone against the autologous (IGR-Heu) and the allogeneic IGR-Pub and Ludlu tumor cell lines was inhibited by anti-MHC class I (W6/32) and anti-HLA-A2 (BB7.2) mAb, but not by anti-HLA-B and -C mAb (data not shown and Figure 3b ). Figure 3b shows the blocking effect of anti-HLA class I mAbs on the cytotoxic activity mediated by Heu33 CTL towards the HLA-A2
þ Ludlu tumor cell line. These results indicate that Heu33 T-cell clone exhibits a strong cytotoxic reactivity and recognizes its specific target in an HLA-A2-restricted manner.
Role of KIR3DL2/p140 receptor in the interaction of Heu33 CTL clone with its specific tumor target
To determine the role of KIR3DL2/p140 in the interaction of Heu33 with IGR-Heu autologous tumor cells, cytotoxic experiments were performed following incubation of the effector cells with anti-KIR3DL2/ p140. Anti-CD94 or anti-NKG2A mAb were also included during the assay. Neither of these mAbs, including anti-KIR3DL2/p140 used at various concentrations, had any effect on the lytic activity of the T-cell clone towards its specific target (Figure 4a and data not shown). The lack of cytotoxicity modulation obtained with anti-CD94 and anti-NKG2A mAbs was much likely due to the low expression level of the corresponding molecules on the CTL clone cell surface. In contrast and as expected, anti-CD3 and anti-CD8 mAbs inhibited the cytotoxicity of Heu33 T-cell clone against IGRHeu. These results strongly suggest that KIR3DL2/p140 is not triggered during the interaction of this CTL clone with its specific target. Since KIR3DL2/p140 was described to interact with HLA-A3 and HLA-A11 (Dohring et al., 1996; Pende et al., 1996) , we used K562 transfected with HLA-A3 cDNA in cytotoxic assays. It is noteworthy that this allele had no effect on Heu33 'NK-like' activity and that this lysis was not affected by anti-class I mAb (data not shown).
In further experiment, we assayed IFN-g release of Heu33 CTL clone stimulated with autologous tumor cells. An IFN-g production was observed when the T-cell clone was incubated with autologous tumor cells (Figure 4b ). However, while this production was inhibited by anti-CD3 mAb, it was unaffected by anti-KIR3DL2/p140 mAb (Figure 4b ). Anti-CD94 mAb, added alone or in combination with anti-KIR3DL2/ p140, had also no effect on cytokine release (Figure 4b ). These results further suggest that KIR3DL2/p140 is unable to modulate cytokine production by the Heu33 clone.
KIR3DL2/p140 crosslinking does not modulate cytotoxicity or cytokine release by Heu33 CTL clone It is noteworthy to precise that neither the autologous tumor cells nor the allogeneic IGR-Pub NSCLC target expressed HLA-A3 or HLA-A11 molecules described to interact with KIR3DL2/p140. Therefore, to further analyse whether KIR3DL2/p140 engagement may modulate the lysis mediated by Heu33 CTL clone, the FcR-positive P815 cells were used as target in redirected cytotoxicity assay. As shown in Figure 5a , anti-KIR3DL2/p140 (AZ158 IgG2a mAb), associated or not with anti-CD94, was unable to induce a cytotoxic activity by Heu33 CTL clone towards P815 target. In contrast, a very strong cytotoxic activity towards P815 murine target was induced by anti-CD3 OKT3 mAb even when used at very low concentrations. Furthermore, lysis of P815 induced by anti-CD3 mAb was unaffected by various concentrations of AZ158 (data not shown and Figure 5a for saturating concentration of AZ158 mAb). We then measured IFN-g secretion by Heu33 clone after coculture with P815 cells in the absence or presence of mAbs to KIR3DL2/p140 and/or CD3 molecules. KIR3DL2 was unable, within the limit of sensitivity of the assay, to induce IFN-g secretion by Heu33 T-cell clone (Figure 5b ). On the contrary, mAb-mediated ligation of CD3 induced high cytokine response. Furthermore and as seen in cytotoxicity assay (Figure 5a ), coligation of KIR3DL2/p140 with CD3 did not result in inhibition of IFN-g production (Figure 5b ). These results further indicate that KIR3DL2 expressed by Heu33 CTL clone has no inhibitory (nor triggering) properties on the signaling provided by TCR engagement.
Discussion
Ag-specific CTLs play an important role in cellular antitumor immune responses. Expression of MHC class I molecules is essential for CD8
þ T-cell-mediated tumor cell recognition. However, it has been described that a small percentage of CD8 þ TILs express receptors for HLA class I that are inhibitory for TCR-mediated functions. Various KIR molecules, including KIR2DL1/ p58.1 and KIR2DL2/3/p58.2, have been shown to be expressed by T-cell clones infiltrating human solid tumors and were able to inhibit their tumor-specific lysis (Ikeda et al., 1997; Guerra et al., 2000; Gati et al., 2001) . So far no data are available on KIR3DL2/p140 expression by human CTL clones and on the role of this receptor in TCR-mediated lysis and cytokine production.
KIR3DL2/p140 displays three extracellular Ig-like domains. As opposed to other KIRs, this receptor is expressed as a disulfide-linked dimer of 140 kDa with two cysteines in the extracellular portion proximal to the transmembrane region. The function and the exact HLA-A ligand of this receptor have not so far been precisely determined (Bakker et al., 1998 ). An inhibitory form of KIR3DL2/p140 has been identified on NK cells and has been demonstrated to interact with HLA-A3 or -A11 (Pende et al., 1996) . However, the level of inhibition determined by HLA-A3 following interaction with KIR3DL2/p140 is lower than that induced by HLA-B and -C following interaction with KIR3DL1/ p70 and KIR2DL1/p58.1 or KIR2DL2/3/p58.2, respectively (Dohring et al., 1996) . With regard to T cells, a unique study demonstrated that KIR3DL2/p140 receptor was expressed on CD4 þ cutaneous T-cell lymphoma cells and suggested that it may correspond to a prognosis marker (Bagot et al., 2001) . However, no functional study was performed on the KIR3DL2/p140 receptor expressed by these tumoral T cells.
In the present report, we have isolated from human lung carcinoma TIL several TCRVb13.6 þ /KIR3DL2/ p140 þ T-cell clones. These clones were able to lyse the autologous tumor cell line, but not the autologous EBV-B cells, in an HLA-A2-restricted manner. The cytotoxic activity of Heu33 CTL clone towards its specific target is unaffected by different concentrations of anti-KIR3DL2/p140 mAb. In addition, crosslinking of KIR3DL2/p140 in Heu33 does not lead to an inhibition of anti-CD3 mAb-induced cytotoxicity. These results strongly suggested that, as opposed to KIR3DL1/p70, KIR2DL1/p58.1 and KIR2DL2/3/p58.2 (Ferrini et al., 1994; Mingari et al., 1995; Phillips et al., 1995) , KIR3DL2/p140 receptor has no inhibitory effect on TCR-mediated T-cell activation. Furthermore, as opposed to KIR2DL4 (CD158d), recently described to display both inhibitory (Faure and Long, 2002) and activating (Rajagopalan et al., 2001 ) potentials in human NK cells, crosslinking of KIR3DL2/p140, expressed by Heu33, does not induce an activatory effect on the cytotoxicity and IFN-g or IL-2 (data not shown) production by the CTL clone.
KIR expression has been reported to occur in a minor proportion of expanded clones, which survives activation-induced cell death to become long-term memory T cells. The expression of KIR appeared to correlate with this resistance to activation-induced cell death in these cell populations, although the requirement for KIR interaction with self-HLA class I in this process is still unknown (Young et al., 2001) . Interestingly, we have found that the engagement of the KIR3DL2/p140 in Heu33 cells did not result in the inhibition of the cell death induced by soluble anti-CD3 mAb (data not shown). Heu33 KIR3DL2/p140-expressing T cells belong to memory T cells with a CD8 þ , CD28
þ and CD45RA þ phenotype. However, as opposed to previously reported CD8 þ /CD28 À T cells shown to proliferate poorly in vitro (Azuma et al., 1993) , Heu33 has a very high in vitro proliferative activity. It is possible that KIR3DL2/p140 expressed by these CTLs may be involved in regulatory mechanisms leading to the proliferation of these tumor-reactive TILs. Indeed, one may suggest that even though no effect of this receptor was observed in vitro, it may modulate T-cell activities in vivo. Along the same line, Heu33 tumorspecific CTL did not appear to be clonally expanded in situ (data not shown), as opposed to previously described KIR3DL2
À tumor-reactive CTL clones isolated from the same cancer biopsy (Echchakir et al., , 2002 .
At least 12 different allelic forms of KIR3DL2/p140 have been described so far (Gardiner et al., 2001; Shilling et al., 2002) . Sequence analysis of KIR3DL2/ p140 expressed by Heu33 clone indicated that it was identical to 3DL2*002 allele encoded protein (Pende et al., 1996) , except for two amino-acid substitutions in the leader peptide sequence with likely no functional consequence, including two ITIM motifs in its intracytoplasmic tail. Since KIR3DL2/p140 had no inhibitory function, one may suggest either that some peptides presented by HLA class I molecules might contribute to trigger the KIR3DL2/p140 inhibitory function and some not, or that the ITIM-based inhibitory pathway may not function, at least in vitro, in Heu33 TIL clone. Indeed, our preliminary results appeared to indicate that the KIR3DL2/p140, expressed by the Heu33 clone stimulated or not with pervanadate, immunoprecipitated with AZ158 mAb does not recruit the protein tyrosine phosphatase SHP-1 (data not shown).
Previous studies indicated that KIR3DL2/p140 receptor was able to generate inhibitory signals upon recognition of HLA-A3 and HLA-A11 alleles (Dohring et al., 1996; Pende et al., 1996) . It should, however, be noted that the CTL clone analysed in the present report was derived from an HLA-A2/-A68 patient. Furthermore, it has been previously described that KIR3DL2/ p140 molecule was expressed by CD4 þ cutaneous TILs of various patients apparently independently of their HLA class I haplotype. It is possible that the different KIR3DL2/p140 allele products described may recognize HLA-A allele products distinct from those reacting with the first described receptors (Dohring et al., 1996; Pende et al., 1996) . One plausible candidate may correspond to HLA-A68, reported to share with HLA-A3 an Asp at position 74 of the a1-helix, described to provide an NKresistant phenotype as opposed to the nonpermissive residue His-74 present in HLA-A2 (Storkus et al., 1991) . Additional studies will however be required to further support this hypothesis. Together, the present results strongly suggest that KIR3DL2/p140 expressed by Heu33 had no inhibitory (nor activatory) potential on cytotoxicity and IFN-g production by the CTL clone. Nevertheless, the actual role and kinetics of expression induction of KIR3DL2/p140 on a CD8
þ lung carcinoma infiltrating CTL remain to be determined. Future studies will allow the identification of the potential role of this Ig-like receptor in the long-term survival of memory T cells.
Materials and methods
Derivation and culture of Heu33 CTL clone
The NSCLC cell line, IGR-Heu, was derived from a biopsy of patient Heu (HLA-A2, A68, B7, B35, C4, C7) as described (Asselin-Paturel et al., 1998) . Fresh tumor sample was dissociated and the resulting cell suspension was frozen. After thawing, viable TILs were isolated using Ficoll-Hypaque (Pharmacia Fine Chemicals, Uppsala, Sweden) density gradient centrifugation. The lymphocytes were then seeded at 10 4 cells/microwell and stimulated for 2 weeks by the addition of irradiated (10 000 /well) in RPMI-1640 medium supplemented with 10% human AB serum (Institut Jacques Boy, Reims, France) and rIL-2 (20 U/ml, Roussel-Uclaf, Romainville, France). Cells were fed every 3 days with medium and IL-2, and then analysed by flow cytometry for TCRVb expression using available specific mAbs (mAbs; Beckman-Coulter, Marseille, France). Responding TCRVb13.6 þ cells were immunoselected three times using specific mAb and dynabeads (Dynal AS, Oslo, Norway). The resulting T-cell line (H4C, 99% TCRVb13.6 þ ) was cloned by limiting dilution, and several T-cell clones, including Heu33, were isolated and restimulated with the same protocol.
mAbs and immunofluorescence analysis
Anti-CD3, -CD4, -CD8, -CD28, -CD56 and -TCRa/b mAbs were previously described . W6/32 (anti-HLA class I), BB7.2 (anti-HLA-A2) and B1.23.2 (anti-HLA-B and -C) were used in functional assays . Anti-TCR mAbs were purchased from BeckmanCoulter and Z27 (IgG1, anti-KIR3DL1/p70-NKB1), EB6 (IgG1, anti-KIR2DL1/p58.1 and KIR2DS1/ p50.1), GL183 (IgG1, anti-KIR2DL2/3/p58.2 and KIR2DS2/p50.2), Y9 (IgM, anti-CD94) and Z199 (IgG2b, anti-NKG2A) were purchased from Immunotech (Marseille, France). Q66 (IgM, anti-KIR3DL2/p140), AZ158 (IgG2a, recognizing both KIR3DL1/p70-NKB1 and KIR3DL2/p140) were produced in one of our laboratories.
Phenotypic analyses of the TIL cell line and clones were performed by indirect immunofluorescence using a FACScalibur flow cytometer and data were processed using the Cell Quest program (Becton Dickinson, San Jose, CA, USA).
Cytotoxicity and cytokine release assays
The cytotoxic activity of the T-cell clone was measured by a conventional 4-h and IGR-B1 (LCC, A2/68) were used as targets in cytotoxicity assays . The FcR-positive P815 murine cells were used as target in redirected cytotoxicity assay. Functional effects of the mAbs W6/32, BB7.2, B1.23.2, OKT3, OKT8, anti-CD94, Q66 and AZ158 on target or effector cells were tested by incubating each of them for 2 h at 371C before the assay at the predetermined saturating concentration.
For cytokine production, Heu33 T cells (5 Â 10 5 /well) were cocultured in the absence or presence of IGR-Heu or P815 cells (1 Â 10 5 /well) for 24 h with mAbs as indicated. Culture supernatants were tested for interferon (IFN)-g production by ELISA (Biosource International, Camarillo, CA, USA). The level of sensitivity of the assay was 1.6 pg/ml.
KIR3DL2/p140 and TCRb RT-PCR and sequence analyses
Total RNA was extracted from Heu33 CTL clone and cDNA was synthesized and amplified by RT-PCR. Primers used for cDNA amplification of the complete open-reading frame of KIR3DL2/p140 (1395 bp) were the following: 5 0 -CATGTCTGCTCACTGGTCGTC-3 0 and 5 0 -GGTTTT-GA-GACAGGGCTG-3 0 (Bagot et al., 2001) . PCR products were then purified, cloned in pcDNA3.1 plasmid and sequenced. TCRb cDNA expressed by Heu33 CTL clone was amplified by RT-PCR, and PCR products were purified and sequenced as previously described .
